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ABSTRACT
Objective: To determine the effect of estrogen replacement therapy (ERT) on the vaginal flora of
postmenopausal women.
Methods: Vaginal cultures were obtained from 15 postmenopausal women whose hormonal
statuses were documented by serum follicle-stimulating hormone (FSH) and serum estrogen levels.
After 8 weeks ofERT, consisting of 0.1 mg of estradiol delivered daily by dermal patch, the vaginal
cultures were repeated, as were measurements of the vaginal pH, serum FSH, and serum estrogen
levels.
Results: Vaginal cultures revealed no significant change in the incidence of lactobacilli or of all
aerobes. However, the incidence ofanaerobic species fell after treatmentfrom47% to 13% (P 0.05),
and the incidence of anaerobic gram-negative rods declined after treatment from 40% prior to ERT
to 7% (P 0.035). Prior to ERT, the difference in mean vaginal pH between lactobacilli-positive
and lactobacilli-negative subjects was not significant, but, following the administration ofexogenous
estrogen, the lactobacilli-positive subjects exhibited a significantly lowermean vaginalpH (4.4 _+ 0.4)
relative to the lactobacilli-negative population (5.2 + 0.3) (P 0.02).
Conclusions: We conclude that women on ERT are less likely to have vaginal colonization with
anaerobic bacteria when compared with women not using replacement therapy. Estrogen replace-
ment may potentiate the effect oflactobacilli on vaginal pH. (C) 1993 Wiley-Liss, Inc.
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n order to examine the effect of hormonal status
on the vaginal flora, previous investigators have
compared bacterial isolates of premenopausal and
postmenopausal women. Tashijian et al. noted a
higher incidence of aerobic gram-negative rods in
postmenopausal women; however, the hormonal sta-
tus of the subjects was never documented. Al-
though a subsequent study revealed no significant
difference between the bacterial isolates obtained
from premenopausal and postmenopausal popula-
tions, some of the subjects in the postmenopausal
population were receiving estrogen replacement
therapy (ERT) and, again, the hormonal status of
the subjects was not documented by any objective
parameter.
2 In contrast, a more recent study by
Larsen et al. used vaginal cytology to document
menopausal status and compared vaginal bacterial
isolates obtained from postmenopausal women re-
ceiving ERT with the isolates obtained from a sep-
arate postmenopausal population not receiving ex-
ogenous estrogen.
3 This study found no significant
difference in the incidence of aerobic organisms,
although anaerobic species were more frequently
isolated in the untreated population.
The purpose of the present investigation was to
compare the vaginal microbial flora in postmeno-
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pausal women prior to (the control group) and 8
weeks after beginning ERT (the study group).
MATERIALS AND METHODS
The subjects used in the study were 15 postmeno-
pausal outpatients of Medical College of Virginia
hospitals who were eligible for ERT and whose
postmenopausal status was confirmed by serum es-
trogen and follicle-stimulating hormone (FSH) lev-
els. At the time of the patient’s initial visit, a com-
plete gynecological history was obtained, detailing
the menstrual, reproductive, contraceptive, and sex-
ual history of the subject as well as accounting for
recent antibiotic exposure and significant underly-
ing disease. Thereafter, a complete gynecological
physical examination was performed including a
test of vaginal pH using ColorpHast pH test strips
(EM Science, Cherry Hill, NJ). A vaginal wash-
ing was obtained using 3 ml of sterile, nonbacteri-
ostatic saline that was instilled into the vagina, agi-
tated with a sterile swab, and aspirated into a
syringe. After excess air was expelled, the syringe
was capped and transported immediately to the lab-
oratory.
ERT consisted of estrogen delivery by means of
a patch providing 0.1 mg of estradiol per day.
Following 8 weeks ofERT, the assessment detailed
above was repeated including a repeat sampling of
serum estradiol and FSH levels.
Anaerobic cultures of the vaginal washings were
incubated in an anaerobic chamber for 7 days using
reduced brucella-base blood agar with 10 Ig/ml of
menadione and 0.5 Ig/ml of heroin (BMB), BMB
with 75 Ig/ml of kanamycin and 7.5 Ig/ml of
vancomycin, and BMB containing 100 Ixg/ml of
neomycin sulfate. Media for the isolation of aer-
obes and facultative anaerobes included 5% sheep’s
blood agar (BAP), MacConkey agar, and Pfizer
Selective Enterococcus agar (PSE). These were in-
cubated in either air (BAP) or in 5% carbon diox-
ide (MacConkey agar and PSE). All organisms
were identified by the standard methods previously
outlined.
4
Differences in the number of positive cultures
obtained before and after ERT were tested for sig-
nificance using a Chi square or Fisher’s exact test.
Quantitative data including vaginal pI-I, serum
FSH, and serum estradiol were tested using a two-
tailed test. All P values were based on two-tailed
tests with a P < 0.05 considered significant.
TABLE I. Population characteristics before and
after estrogen replacement therapy (ERT)
Variable Pre-ERT Post-ERT P value
Serum FSH (mU/ml) 144.3 _+ 58.6 67.9 +- 28.0
Serum estradiol (mU/ml) 18.4 -+ 2.0 40.9 -
19.6
Superficial cells (%) 4.0 -+ 9. 34. 19.
Vaginal pH (units) 5.7 -+ 1.3 4.7 -+ 0.6
0.0002
0.0006
0.0002
0.0283
ayalues are mean SD.
TABLE 2. Vaginal cultures
Pre-ERT Post-ERT
Microorganism (No. [%]) (No. [%]) P value
Lactobacilli 7 [47] 9 [60] NS
Any aerobe 14 [93] 13 [87] NS
Any anaerobe 7 [47] 2 [I 3] 0.05
Anaerobic gram-negative 6 [40] [7] 0.035
rods
aNS, not significant.
RESULTS
The mean age ofthe subjects was 53.9 -+- 8.6 years.
Nine (60%) were sexually active, and 5 (33%) gave
a history of douching. Throughout the course of
the study, the subjects maintained a relatively con-
stant level of sexual activity. No subject douched or
had sexual intercourse within 3 days of having the
vaginal cultures taken. No vaginal medications were
used during the study period. None of the subjects
were exposed to any antimicrobial agents. Seven of
the 15 subjects had undergone hysterectomy.
Prior to ERT, all of the subjects exhibited se-
rum FSH and estradiol levels consistent with ova-
rian failure. After 8 weeks of estrogen replace-
ment, the sample mean serum estradiol levels were
significantly increased, while serum FSH levels
were suppressed. After the subjects received ERT,
an increased superficial cell count was noted, re-
flecting the enhanced epithelialization of the vagina
under the influence of estrogen. Finally, the mean
vaginal pH was noted to be decreased significantly
following ERT. These results are summarized in
Table 1.
Detailed in Table 2 are the results of the vaginal
cultures obtained before and after ERT. Although
lactobacilli were among the most frequently iso-
lated species both before and after estrogen replace-
ment, the proportion of isolates did not signifi-
cantly change following treatment. The non-
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enterococcal group D streptococci (5), Staph-
ylococcus epidermidis (4), and gram-negative enter-
ics (4) were also commonly isolated. No change was
noted in the frequency with which the subjects tested
positive for any aerobe. However, the prevalence
of anaerobic isolates decreased considerably after
ERT. The difference was most pronounced for the
anaerobic gram-negative rods, which were isolated
from 43% of the participants prior to treatment
compared with only 7% after estrogen replacement.
The majority [5/6 (83%)] of the anaerobic gram-
negative rods disappearing on ERT were bile-re-
sistant Bacteroides spp. [B. capillosus, B. fragilis
ov t s (two)].
Finally, the mean vaginal pH after ERT in
lactobacilli-positive subjects was 4.4 -+ 0.4 com-
pared with 5.2 -+ 0.3 in lactobacilli-negative sub-
jects (P 0.02). There was no difference between
vaginal pH before ERT in lactobacilli-positive sub-
jects (5.5 -+ 1.3) compared with lactobacilli-nega-
tive subjects (5.9 -+ 1.4) (P 0.65). Although
the subjects colonized with lactobacilli exhibited a
consistently lower mean vaginal pH, this differ-
ence was only significant following estrogen re-
placement.
DISCUSSION
Unlike previous investigations detailed in the liter-
ature, the present study utilized a single postmeno-
pausal population, obtaining vaginal bacterial iso-
lates before and after ERT and documenting the
hormonal status at each step by serum FSH and
estradiol levels and by serial examination of vaginal
cytology. Consequently, each patient served as her
own control, allowing a more direct appraisal of the
effects of estrogen on the vaginal pI-i and microbi-
ology.
These data confirm previous reports that a
change in hormonal status is associated with changes
in vaginal bacterial flora. In accord with the find-
ings of"Larsen et al., the serial cultures employed in
this study revealed a decreased prevalenceo anaer-
obic species, especially anaerobic gram-negative
rods, following the administration of" exogenous
estrogen, a The number of’aerobic isolates remained
relatively constant.
The incidence of’lactobacilli did not significantly
change following estrogen replacement despite a
documented increase in serum estrogen to levels
sufficient to suppress FSH, supporting the theory
that hormonal status alone plays an important inde-
pendent role in the maintenance of a low vaginal
pH. These findings are consistent with an estro-
gen-induced increase in epithelial cell metabolism
ofglycogen, resulting in a lower vaginal pH. How-
ever, following ERT, the mean vaginal pH was
significantly lower in lactobacilli-positive subjects.
This finding suggests that lactobacilli contribute to
a decrease in vaginal pH and raises the possibility
that estrogen may in some way potentiate the effect
of lactobacilli on vaginal pH. By increasing the
carbohydrates available for metabolism to lactic acid
by lactobacilli, ERT may help decrease vaginal pH
without producing a commensurate change in the
incidence of lactobacilli. The lower pH associated
with ERT yields an environment less suitable to
anaerobes. 6’7 In addition, estrogen may enhance
the ability of lactobacilli to produce hydrogen per-
oxide, which may control the quantity of catalase-
negative anaerobic microorganisms. Further inves-
tigation is needed in these areas.
This investigation is limited by the small num-
ber of subjects studied and by the brief time over
which the subjects were followed. A decrease in
vaginal pH should select for acidiphilic species;
however, any increase in the isolation of acidophilic
species first requires new colonization, a process
that may take more time than the 8 weeks allowed
in this study. In the small population utilized here,
only three subjects had negative cultures for lacto-
bacilli both before and after ERT. Given a larger
number of such subjects, we might have been able
to test for a significant change in mean vaginal pH
in this subpopulation, thereby better demonstrating
the effect of estrogen on vaginal pH independent of
its effect on lactobacilli.
In summary, vaginal cultures obtained from
postmenopausal women prior to the initiation of
ERT were more likely to grow anaerobic bacteria
when compared with vaginal cultures obtained from
these same women after the initiation ofERT. ERT
may potentiate the effect of lactobacilli on vaginal
pH.
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